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AMORPHOUS NmUC ESTERS AND THEIR PHARMACEimCAL COMPOSmONS 

The present invention relates to nitroxy derivatives of the 
hydroxybenzoic acid in a modified physical form, and the 
pharmaceutical f cannula t ions thereof, said derivatives having 
general formula 

A-X1-ONO2 (I) 

wherein A is an hydroxybenzoic acid derivative as defined he- 
reunder, Xi is a linking bivalent radical as defined hereunder, 
said formulations capable to induce in very short times, of the 
order of 2-2.5 hours, the plasmatic concentration peak of the 
hydroxybenzoic acid derivative, defined as A. 

The compositions of the invention can be used to prepare 
oral dosage forms suitable to induce a fast beginning of the 
pharmacological effect. 

As well known the pharmacologically active substances when 
administered per os produce a systemic effect only after having 
undergone an absorption process through the gastroenteric duct 
walls. The drug absorption process is a complex phenomenon 
which depends on various factors, among which drug liposo- 
lubility and hydrosolubility . It is difficult to theoretically 
foresee, in practice it is impossible to know which is the 
optimal combination of these factors to obtain the maximum 
absorption peak of the active principle in short times, of about 
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2-2.5 hours at most. 

Generally the therapeutic effect of a drug which shows its 
activity by systemic route when administered per os depends , in 
particular, on the following factors: 

drug absorption through the gastrointestinal wall, 
concentration in the hematic fluid, 
possible interaction whith the target tissue • 
In particular for the drugs having an antiinflammatory and 
analgesic activity, an essential feature is the action 
quickness, i.e. the effect onset has to show in relatively short 
times after consxxmption. 

The nitr ©derivative compounds of formula (I), in the 
unmodified physical form according to the present invention, are 
known from the patent applications WO 95/30641 and WO 97/16405 
in the name of the Applicant. These compoxinds with respect to 
the antiinflammatory precursor drugs have a global comparable or 
higher efficacy, but they have the advantage to show lower side 
effects. The drawback of these products is that they do not show 
chemical physical properties such as to allow an haematic peak 
of maximum absorption in the period of time of 2*5 hours at 
most. Pharmacokinetic studies carried out by the Applicant using 
a conventional pharmaceutical formulation for oral use of the 
nitroderivative compounds of formula (I), not treated as 
reported in the present invention, have shown 'that there is no 
haematic concentration peak in the above mentioned short times , 
therefore the product does not timely show its therapeutic 
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properties. See the Examples showing that the haematic peak 
takes place after too long times from the consumption , of about 
6 hours. 

The need was felt to have available pharmaceutical compo- 
sitions for oral use, comprising the nitroderivative compounds 
of formula (I), such as to produce a maximum plasmatic 
concentration peak (Cj^^) short times / such that tjj^^ (^max 
being the time at which C^j^x occurs) is of about 2.5 hours at 
most/ preferably lower than or equal to 2 hours. 

It has been found by the Applicant that it is possible to 
solve this technical problem with the compounds and formulations 
thereof for oral use as indicated hereinafter. 

An object of the present invention are compounds of formula 
(I) and phannaceutical compositions for oral use comprising as 
active principle said compounds 

A-X1-ONO2 (I) 

wherein 

A = R(COX^)^., wherein t is 1, u is 1, 

X = O, NH, NR^Q, wherein R^q is a linear or branched C^-C^q alk- 
yl, R is selected from the following radicals: 




(la) 
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OCOR3 



0 




(Ri)nl 



(R2)nl 



(lb) 



wherein: 

Ri is a OCOR3 group; wherein R3 is methyl, ethyl or linear 
or branched €3-05 alkyl, or the residue of a saturated 
heterocyclic ring having 5 or 6 atoms, which can be aromatic or 
completely or partially saturated # said heterocyclic ring 
containing one or more heteroatoms independently selected be- 
tween O and N; 

R2 is hydrogen, hydroxy, halogen, linear or branched when 
possible C1-C4 alkyl, linear or branched when possible C^'C^ 
alkoxyl; linear or branched when possible C1-C4 perf luoroalkyl, 
for example trif luoromethyl; mono- or di- (Ci^C^) alkylamino; 

Ri and R2 together are the dioxymethylene group, with the 
proviso that when X = NH, then Y is ethylene and Rj = H as 
defined hereinder; 

R^ cannot be OCOR3 in position 2 when R3 is methyl; 

nl is an integer and is 0 or 1. 

Preferably in (la) X = O, R^ is acetoxy and is in ortho 
position with respect to the -CO- group, R2 is hydrogen; 
preferably in lb) R3 = CH3, nl = 0; X is equal to O, and the 
bond of the aromatic ring with the COX group is in the 1 or 2 



4 



wo 01/00563 PCT/EPOO/05723 
positions; 

Xi is a bivalent linking bridge selected from the follo- 
wing : 

YO: 

linear or branched when possible Ci-Cjoi preferably 

C2-C5, alkylene; or 
C5-C7 cycloalkylene optionally substituted; 
or is selected from the following: 




•(eH2)^-o- 



(CHj)^ 



(PAI) 

wherein ii3 is an integer from 0 to 3, n3' is an in- 
teoer from 1 to 3; 

•COOH 

( PAII ) 

wherein n3 and n3' have the above mentioned meaning; 




(CH2-CH-CH2- 0)^ 



)N02 



-(CH2-CHj-CH2-0)„p 
ONO, 
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wherein nf is an integer from 1 to 6, preferably 



from 1 to 4; 



" -(CH-CHj 




R 



If 



~ -(CHj-CH 



0) 



If 



wherein R^f = H, CH3 and nf ' is as above defined; 



said compounds of formula (I) being completely or partially in 
amorphous f orm . 

The amorphization degree can be measured by well known 
methods such as for example DSC, RX, IR, etc. For partially 
amorphous it is meant that in the pharmaceutical compositions of 
the invention the compounds of formula (I) are generally 
amorphous for at least 5%, preferably 10%, more preferably for 
at least 80%, as measured by DSC. 

The amorphization degree is determined by DSC as variation 
(reduction) of the subtended area of the endothermic melting 
peak of the active principle. VJhen the amorphization is 
complete, the melting peak characteristic of the active 
principle of formula (I) substantially disappears. This means 
that there is a variation of the enthalpy associated to the 
melting peak. 

A test for measuring the amorphization degree according to 
the present invention is the following: an amount of 
nitr ©derivative of formula (I) is added with hydroxypropyl-jS- 
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cyclodextrin in the molar ratio 1 : 2; 43 g of the compound of 
formula (I) are dissolved in 5 1 of ethyl alcohol; the so 
obtained organic solution is mixed at room temperature with 5 1 
of deionized water containing 7% w/v (350 g) of hydroxypropyl-i3- 
cyclodextrin. The hydroalcoholic solution is treated in the 
spray-drying LabPlant SD-05 Spray-Drying equipment, with an hot 
air flow at the inlet at the temperature of 60^C, maintaining an 
air flow such as to allow outlet temperatures of about 45°C; the 
crystallinity loss is evaluated on the powder (5-10 mg) by the 
DSC method and the variation of the peak area is determined by 
comparing the area with that of the precursor treated under the 
same conditions without the addition of cyclodextrin - 

An indicative test of the crystallinity decrease of the 
compounds of formula (I) is based on the determination of their 
dissolution rate in water. 

The dissolution rate test is carried out in a dissolving 
equipment according to United States Pharmacopeia 23 by using a 
volume of deionized water of 1000 ml. The blade stirrer speed is 
of 100 rpm and the temperature is 37 + 0,5®C. 

In a little glass vessel an exact amount of each sample is 
weighed so that it contains an amoiint of the active principle 
equal to 30 mg, which is directly introduced in the vessel 
containing the deionized water. At predetermined timers, 
respectively of 5, 10, 15, 30, 45, 50, 60, 90 cuid 120 minutes 
from the beginning of the test, the amount of the 
nitroderivative compound passed in solution is determined, by 
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measuring the concentration w/v (weigh/ volume) thereof by UV 
spectrophotometry at the wave length of 235 nm, using a 
calibration line. The data are expressed as percentage of 
nitr ©derivative compound passed in solution in connection with 
the time. The amount of the compound of formula (I) passed in 
solution at the time of 10 minutes is at least about 10 times 
higher with respect to that of the nitroderivative compound not 
in amorphous form. 

As said, the formulations of the invention are surprisingly 
and unexpectedly capable to induce in very short times, in the 
order of 2-2,5 hours, the plasmatic concentration peak of the 
hydroxybenzoic acid derivative A. 

Preferably in the compovmds of formula (I) R = (la), X = 
0 and Xi is the aromatic radical of formula (PAI) wherein n3' 
= 1 and n3 = 0; said preferred compounds having the following 
general formula ( lAl ) : 



(lAl) 

wherein and R2 are as above defined. 

The ester of formula (lal) wherein the nitroxymethyl group 
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is on the aromatic ring in meta position, or position 3/ with 
respect to the carbon atom bound to the oxygen of the ester 
group, is preferred. 

The Applicant has surprisingly and unexpectedly found that 
when the nitroderivatives of formula (I) are present in the 
pharmaceutical compositions of the invention in a completely or 
partially amorphized form, in consequence of gastrointestinal 
absorption, high plasmatic concentrations are obtained in very 
short times, the maxim\im plasmatic concentration peak is 
obtained in a period of time of 2.5 hours at most. 

The partially or completely amorphized nitr ©derivative com- 
pounds of formula (I) are obtainable by treating the nitrode- 
rivatives with one or more excipients, capable to amorphize said 
nitroderivatives . 

The techniques used for the amorphization are for example 
co-grinding, kneading, spray-drying, lyophilization, preferably 
spray -drying and co- grinding. 

In particular in the spray-drying technique the active pri- 
nciple is dissolved in a solvent, for example alcohols, and the 
so obtained organic solution is mixed at room temperature with 
a solution or suspension of the excipient capable to give 
amorphization of the compounds of formula (I). The solution or 
suspension resulting after mixing is treated in a spray-drying 
equipment. For this and the other techniques see the specific 
Examples . 

Excipients preferably belong to one or more classes men- 
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tioned hereinafter: Cs-Cg polyalcohols , mono- and disaccharides 
and their derivatives, oligosaccharides containing from 3 to 10 
saccharide units and their derivatives, polysaccharides, their 
derivatives including their salts, cyclodextrins and their 
derivatives, non cyclic cyclodextrin analogues, for example non 
cyclic derivatives of i3- cyclodextrin, polymers and copolymers of 
vinyl -based mbnomeric \inits, and/or containing a carboxylic 
function, or (meth) acrylic monomers- 

Examples of Cj-Cg polyalcohols are sorbitol, mannitol; 
examples of monosaccharides and their derivatives are glucose, 
fructose, mannose, galactose glucosamine; example of disaccha- 
rides are lactose, saccharose, maltose etc; examples of poly- 
saccharides and their derivatives are microcrystalline 
cellulose, hydroxypropylcellulose, hydroxyethylcellulose hydr- 
oxymethylcellulose, methylcellulose, ethylcellulose carboxyme- 
thylcellulose, and their salts, preferably sodium and calcium 
salts, and their crosslinked forms, cellulose acetate, cellulose 
acetophthalate and their ethers, for ex. cellulose phthalate 
hydroxypropylmethyl ether, starch and derivatives such as for 
example sodixim carboxymethyl starch, soluble starch, pregelled 
starch; examples of cyclodextrins and derivatives thereof are 
dimethyl - )8 - cyclodextrin , 2 - hydroxy - ethyl - 0 - cyclodextrin , 2 - 
hydroxypropy 1 - /J - cyclodextrin , 3 - hydroxypropyl - )3 - cyclodextrin , 
tr ime thyl - /3 - cyclodextrin . 

An object of the present invention are the pharmaceutical 
compositions for oral use containing as active principle the 
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partially or completely amorphized compounds of formula (I) and 
comprising at least one of the above mentioned excipients. 

It has been found by the Applicant that the formulations 
of the invention show an improved dissolution rate in water, 
determined by the above described dissolution test. 

In the compositions according to the present invention the 
ratio between the amount by weight of nitroderivatives of 
formula (I) and that of the excipients capable to amorphize the 
nitroderivatives is generally in the range 1 : 20 and 1 : 0.5, 
preferably 1 : 0.7 and 1 : 10. 

As said, the formulations for oral use of the present 
invention are capable to induce in very short times, of the 
order of 2-2.5 hours, the plasmatic concentration peak of the 
hydroxybenzoic acid derivative as defined in A, and it has also 
been found that they are capable to produce the following 
pharmacokinetic effects: 

to increase the plasmatic C^j^ (maximxom concentration) of 
the hydroxybenzoic acid derivative as defined in A, after single 
administration, with respect to the untreated (not amorphized) 
product according to the present invention; 

to increase of at least 20%, preferably of 50%, the area 
sxibstended from the curve of the plasmatic concentrations in the 
range 0-3.5 hours from the administration. 

When in the partially or completely amorphized product of 
formula (I) R = (la) the hydroxybenzoic acid derivative as 
defined in A is the salicylic acid (see the Examples). 
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The nitroderivative compounds of formula (I) wherein R is 
a radical of formula la) or lb) are obtainable according to the 
known methods in the prior art. See for example the methods 
described in the patent applications in the name of the 
Applicant WO 95/30641, WO 97/16405, or in the international 
patent application PCT/EPOO/00353 . 

The following examples illustrate the invention without 
limiting the scope thereof, 
EXAMPLES 

A) Characterization of the compound of formula (I) by DSC 

The characterization is exemplified for the 3-(nitroxy- 
methyl)phenyl ester of the acetylsalicylic acid, the substance 
used in the examples described hereinafter, which has been 
obtained according to Example 1 of the international patent 
application PCT/EPOO/00353. 

The specific melting enthalpy AH (Joule/g) of the product 
as such and of the product treated with processes able to 
decrease the crystallinity (formulation) thereof, is determined 
by DSC analysis. 

The per cent crystallinity loss is evaluated by the fol- 
lowing equation: 

^drug as such " ^^treated drug 
% crystallinity loss = X 100 

^^drug as such 

The scanning parameters adopted for the DSC analysis are 
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the following: 

Scanning range: from 30®C min, to 330°C max 
Scanning rate: lOK/min 

The DSC trace of the ester as such shows a melting endo- 
thermic peak at T = 64.7«>C with respective AH = 99,81 Joule/g. 
B) Dissolution rate test of the compound of formula fl^ 3-fni- 
troxvmethvl ) phenyl ester of the acetvlsalicvlic acid 

The dissolution rate of 3- (nitroxymethyl)phenyl ester of 
the acetylsalicylic acid as such and in the preparations con- 
taining it according to the examples described hereinafter, has 
been carried out in a dissolving equipment according to USP 
(United States Pharmacopeia) XXIII. 

The test is carried out by using a volume of deionized 
water of 1000 ml. The angle rate of the blade stirrer is of 100 
rpm and the temperature of 37 + 0.5®C. 

In a little glass vessel an exact amount of each 
preparation to be tested is weighed so that it contains an 
amount of the active principle equal to 30 mg, which is directly 
introduced in the vessel. At predetermined times, respectively 
of 5, 10, 15, 30, 45, 50, 60, 90 and 120 minutes from the 
beginning of the test the amount of the compound passed in 
solution is determined, by measuring the concentration w/v 
thereof by UV spectrophotometry at the wave length of 235 nm, 
using a calibration line. The data are expressed as percentage 
of active principle passed in solution in connection with the 
time. 

13 
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EXAMPLE 1 f comparative^ 

Dissolution rate of 3- (nitroxymethyl ) phenyl ester of the 
completely crystalline acetylsalicylic acid 

The recrystallized product from isopropanol results 
completely crystalline, and by DSC analysis it shows an 
endothermic peak at T = 6A. l^C with AH 99.81 J/g, and an 
exothermic decomposition peak at T = 220^C with AH 879 ,47 J/g. 

30 mg of said compound are transferred into the equipment 
for determining the dissolution rate. In Table 1 the percentages 
of the compound passed in solution, measured at the times 
indicated in the above described test, are reported. After 10 
minutes the eunount of active principle passed in solution is 
0.3%. 
EXAMPLE 2 

Obtainment of 3- (nitroxymethyl )phenyl ester of the completely 
amorphous acetylsalicylic acid by spray-drying treatment of the 
compoxind in admixture with hydroxypropyl-jS -cyclodextrin in the 
ratio by weight compound : cyclodextrin 1 : 8.33 corresponding 
to a molar ratio of 1 : 2. 

43 g of the compound are dissolved in 5 1 of ethyl alcohol. 
The so obtained organic solution is mixed at room temperature 
with 5 1 of deionized water containing 7% w/v (350 g) of hydr- 
oxypropyl- /J -cyclodextrin. The hydroalcoholic solution is treated 
in the spray-drying LabPlant SD-05 Spray-Drying equipment, with 
a hot air flow at the inlet at the temperature of 60 ^C, 
maintaining an air flow such as to allow outlet temperatures of 
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about 45^C. 

The compound crystallinity loss, measured on the so 
obtained powder according to the DSC method is of 100%. In fact 
in the DSC trace the melting endothermic peak is absent. 

An amount of the powder corresponding to 30 mg of active 
principle is weighed and transferred into the equipment for 
determining the dissolution rate. In Table 1 the percentages of 
the compound passed in solution, measured at the times indicated 
in the above described dissolution test, with respect to the the 
weighed amount, are reported. After 10 minutes the active prin- 
ciple % passed in solution is 32%. 
EXAMPLE 3 

Obtainment of 3 - (nit roxyme thy 1 ) phenyl ester of the partially 
amorphous acetylsalicylic acid by spray-drying treatment of the 
compound in admixture with lactose in the ratio 1 (compound) : 
9 (lactose) by weight. 

10 g of the compound are dissolved in 1.5 1 of ethyl 
alcohol. The obtained organic solution is mixed with 1.5 1 of 
deionized water containing 6% w/v (90 g) of lactose. The hyd- 
roalcoholic solution is treated in the spray-drying equipment, 
operating with an hot air flow at the inlet of 70®C, maintaining 
an air flow such as to allow outlet temperatures of about 50*=*C. 

The crystallinity loss, measured according to the DSC 
method on the so obtained powder is of 87% (AH 12.58 J/g). 

An amount of powder equal to 30 mg of active principle is 
weighed and transferred into the equipment for determining the 
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dissolution rate. In Table 1 the percentages of the compound 
passed in solution, measured at the times indicated in the above 
described dissolution test, are reported. After 10 minutes the 
% of active principle passed in solution is 30% • 
EXAMPLE 3A 

Obtainment of 3 - (nit roxyme thy 1 ) phenyl ester of the partially 
amorphous acetylsalicylic acid by the spray -drying treatment of 
the compound in admixture with microcrystalline cellulose in the 
1 : 0.7 ratio. 

10 g of the compound are dissolved in 1.5 1 of ethyl 
alcohol. To the solution 0.670 litres of a 1% w/v (weight/ 
volume) aqueous suspension of microcrystalline cellulose (Avicel 
PH 101) are added. The suspension is submitted to spray-drying, 
operating with an air temperature at the inlet of 70®C and main- 
taining an air flow such as to allow outlet temperatures of 
about 50^C. 

An amount of powder equal to 30 mg of active principle is 
weighed and transferred into the equipment for determining the 
dissolution rate. In Table 1 the percentages of the compound 
passed in solution, measured at the times indicated in the above 
described dissolution test, are reported. After 10 minutes the 
% of active principle passed in solution is of 9.4%. The 
crystallinity loss is 10%. 
EXAMPLE 3B 

Obtainment of 3- (nit roxyme thy 1) phenyl ester of the partially 
amorphous acetylsalicylic acid by treatment by co -milling in 
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acSmixture with microcrystalline cellulose and sodixan lauryl 
sulphate in ratios by weight active principle : microcrystalline 
cellulose : surfactant equal to 1 : 0.5 : 0,1» 

10 g of the active principle are mixed in a mortar with 1 
g of sodiiam lauryl sulphate for 5 minutes and stabseQuently with 
5 g of microcrystalline cellulose. The powder mixture is 
forcedly co -milled with a pestle for 30 minutes. 

The dissolution test is carried out by using 48 mg of the 
obtained mixture, equal to 30 mg of the active principle. 

The percentages of the compound passed in solution, at the 
times indicated in the above described dissolution test, are re- 
ported in Table 1. The % of active principle passed in solution 
after 10 minutes is equal to 4.8%. 

. The powder DSC analysis shows a crystallinity loss of the 
active principle of 6%. 
EXAMPLE 4 

Obtainment of 3- (nitroxymethyl)phenyl ester of the partially 
crystalline acetylsalicylic acid by spray-drying treatment of 
the compoxind in admixture with lactose in the ratio 1 (compound) 
: 4 (lactose) by weight. 

10 g of the compound are dissolved in 1.5 1 of ethyl 
alcohol. The obtained orgranic solution is mixed with 0.75 1 of 
deionized water containing 6% w/v (45 g) of lactose. The hyd- 
roalcoholic solution is treated in the spray-drying equipment, 
operating with an hot air flow at the inlet of 70°C, maintaining 
an air flow such as to allow outlet temperatures of about 50 °C. 
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The crystallinity loss, evaluated on the. so obtained powder 
according to the DSC method, is of 83% (AH 16.44 J/g). 

An amount of the obtained powder corresponding to 30 mg of 
active principle is weighed and transferred into the eQuipment 
for determining the dissolution rate. The percentages of the 
compound passed in solution, at the times mentioned in the 
dissolution test indicated in B) , are reported in Table 1. After 
10 minutes the active principle % passed in solution is of 
17.1%. 
EXAMPLE 5 

Obtainment of 3- (nitroxymethyl )phenyl ester of the partially 
amorphous acetylsalicylic acid by co -milling treatment of the 
compound in admixture with hydroxypropyl-jS-cyclodextrin in the 
ratio compound : cyclodextrin of 1: 4.16 by weight corresponding 
to a molar ratio 1:1. 

10 g of the compound are mixed with 41.6 g of cyclodextrin. 
The mixture is co*milled in a mortar for 30 minutes. 

The crystallinity loss, evaluated on the so obtained powder 
according to the DSC method, is of 43% (AH 56.5 J/g). 

An amount of the obtained powder corresponding to 30 mg of 
active principle is weighed euid transferred into the equipment 
for determining the dissolution rate. The percentages of the 
com£>ound passed in solution, at the times mentioned in the 
dissolution test indicated in B), are reported in Table 1. After 
10 minutes the active principle % passed in solution is of 6.9%. 
EXAMPLE 6 
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Obtaimnent of 3- (nitroxyme thy 1) phenyl ester of the partially 
amorphized acetylsalicylic acid by treating the compound by 
kneading in admixture with lactose in the ratio 1 compoxind : 9 
lactose by weight. 

5 g of the compound are directly mixed with 45 g of la- 
ctose. The mixture is kneaded with 10 ml of ethanol 50% in water 
and then let dry under vacuum of the water pump at room 
temperature for 24 hours. The dried product is sieved by a sieve 
with 600 pm meshes before the analyses. 

The crystallinity loss, measured on the so obtained powder 
according to the DSC method, is of 7% (AH 92.34 J/g). 

An amount of the obtained powder corresponding to 30 mg of 
active principle is weighed and transferred into the equipment 
for determining the dissolution rate. The percentages of the 
compound passed in solution, at the times mentioned in the 
dissolution test indicated in B), are reported in Table 1. After 
10 minutes the % of active principle passed in solution is of 
11.5%. 
EXAMPLE 6A 

Example 6 was repeated but using a mixture comprising also 
hydroxypropyl-iS-cyclodextrin, in ratios active principle : 
lactose : hydroxypropyl-jS-cyclodextrin 1 : 0.5 : 0.2 by weight. 

1000 g of the active principle are mixed with 500 g of 
lactose and 200 g of hydroxypropyl-jS-cyclodextrin. The mixture 
is ]aieaded by a mechanical kneader with 100 ml of a solution 3% 
w/v of polyvinylpyrrolidone in water/isopropyl alcohol 1:1, 
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Operating by progressive additions. 

The kneading is extruded through a granulator die, and 
dried in a drier at the temperatue of 40®C. The dried granulate 
is passed through the mesh of an oscillating granulator, in 
order to uniform the granulometry. 

An amount of the obtained powder corresponding to 30 mg of 
active principle is weighed and transferred into the equipment 
for determining the dissolution rate. The percentages of the 
compound passed in solution, at the times indicated in the 
dissolution test described in B) , are reported in Table !• After 
10 minutes the % of active principle passed in solution is of 
15 •6%. The crystallinity loss is of 39.4%. 
EXAMPLE 7 (comparative) 

Spray -drying of the active principle as such 

16 g of 3- (nitroxyme thy 1) phenyl ester of the acetylsal- 
icylic acid are dissolved in 3 1 of a mixture of ethyl alcohol/ 
water 80/20. The hydroalcoholic solution is treated in the 
spray -drying equipment with an hot air flow at the inlet of 
60®C, maintaining an air flow such as to allow outlet 
temperatures of about 45**C. 

The DSC analysis on the obtained powder shows that the 
compound is in a completely crystalline form (AH 100,5 J/g). 

30 mg of powder of the active principle is weighed and 
transferred into the equipment for determining the dissolution 
rate. The percentages of the compound passed in solution, 
measured at the times indicated in the dissolution test de- 
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scribed in A), are reported in Table 1. After 10 minutes the % 
of active principle passed in solution is of 0.5%/ therefore not 
substantially different from that obtained in the dissolution 
test of the active principle as such (ref. Example 1). 
EXAMPLE 8 (comparative) 

Preparation of tablets according to the prior art containing: 
300 mg of 3- (nitroxyme thy 1) phenyl ester of the acetylsalicylic 
acid, 143.7 mg of microcrystalline cellulose, 3 mg of talc, 3 mg 
of magnesium stearate and 0.3 mg of silica 

300 g of active principle are mixed in a mortar with 0.3 
g of colloidal silica, 143.7 g of microcrystalline cellulose 
added in aliguots, according to the subsequent dilution method. 
Then 3 g of talc are added. The mixture is transferred into a 
powder mixer (Turbula) and mixed for 10 minutes. 3 g of 
magnesiiim stearate are added and mixing is continued for f uther 
5 minutes. The powder mixture is directly compressed by a 
rotative compressor (Officine Ronchi) equipped with bombed 
punches (9.5 mm diameter; 9 mm bending radius) obtaining tablets 
having an average weight of 450 mg and an average strenght at 
break of 10 kg. The so obtained tablets are criombled in a mortar 
vmtil obtaining a powder capable to pass the 200 pm meshes of a 
sieve. An amount of the obtained powder corresponding to 30 mg 
of active principle is weighed and transferred into the 
equipment for determining the dissolution rate. The percentages 
of the compound passed in solution, at the times indicated in 
the dissolution test described in B), are reported in Table 1. 
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After 10 minutes the active principle % passed in solution is of 
0-34%. 

The DSC analysis does not show any evidence of the active 
principle amorphization due to compacting. 
TESTS IN VIVO 
EXAMPLE 9 

Pharmacokinetic in the animal by using the pharmaceutical 
composition according to the present invention described in 
Example 3B. 

A single dose of 80 mg/Kg, equal to 50 mg/Kg of active 
principle, of the pharmaceutical composition (powder) of Example 
3B in aqueous suspension (5 ml /Kg) was administered by os to a 
group of 10 rats weighing 180-200 g. 

Samples of 0.5 ml of blood were taken from the caudal vein 
of the animals after 0-5, 1, 1.5, 2, 4, 8, 12 and 24 hours from 
administration. 

The samples are transferred into heparinised test tubes and 
centrifuged for 15 minutes at room temperature. A 100 ul aliquot 
of serum was added with 25 yl of an internal standard solution 
(prepared by dissolving 10 mg of naproxene in 100 ml of 
acetonitrile) . The sample is injected in a HPLC Hewlett Packard 
series 1050 equipment, having a variable wave length detector, 
pump, self -sampler with a 5 pm ODS 2 (lOX 0.46 cm) column 
connected in series to a 5 pm ODS 2 (C18-250X 4 mm) column. The 
moving phase is constituted by acetonitrile/acetic acid 3% in 
the ratio 60/40 by volume. The flow is 0.8 ml/min. All the 
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analyses have been carried out at room temperature and the 
measures have been effected at the wave length of 234 nm. The 
^Max value is 61.7 pg/ml at the time of 2 hours. 
EXAMPLE 10 (comparative) 

Pharmacokinetic in the animal by using the pharmaceutical 
composition described in Example 8. 

A single dose of 75 mg/Kg, equal to 50 mg/Kg of active 
principle, of the powder obtained from the crumbled tablets 
described in Example 8 in aqueous suspension (5 ml /Kg) was 
administered by os to a group of 10 rats weighing 180-200 g. 

Samples of 0 . 5 ml of blood were taken from the caudal vein 
of the animals after 1.5, 3, 6, 12 and 24 hours from 
administration. One proceeds as described in the previous 
Example 8. The C^ax value is 53.2 yg/ml at the time of 6 hours. 
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CLAIMS 

1. Compounds of formula (I) 

A-X1-ONO2 (I) 

wherein 

A = R(COXy)^, wherein t is 1, u is 1, 

X = O, NH, NRj^Q, wherein R^q is a linear or branched Ci-C^q 
alkyl, R is selected from the following radicals: 




(lb) 

wherein: 

R^ is a OCOR3 group; wherein R3 is methyl^ ethyl or 
a linear or branched C3-C5 alkyl, or the residue of a 
saturated heterocyclic ring having 5 or 6 atoms, which can 
be aromatic or completely or partially saturated, said 
heterocyclic ring containing one or more heteroatoms 
independently selected from 0 and N and S; 
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R2 is hydrogen, hydroxy, halogen, linear or branched 
when possible C1-C4 alkyl, linear or branched when possible 
alkoxyl; linear or branched when possible C1-C4 per- 
fluoroalkyl, for example trif luoromethyl; mono- or di-CC^- 
C4 ) alkylamino ; 

and R2 together are the dioxymethylene group, with 
the proviso that when X = NH, then Y is ethylene and Rj = 
H as defined hereunder; 

Rj^ cannot be OCOR3 in position 2 when R3 is methyl; 

nl is an integer and is 0 or 1; 

preferably in (I) X = O, R^^ is acetoxy and it is in 
ortho position with respect to the -CO- group, R2 is 
hydrogen ; 

preferably in lb) R3 = CH3, nl = 0; X is equal to O, and 
the aromatic ring bond with the COX group is in the 1 or 
2 positions; 

XjL is a bivalent linking bridge selected from the 
following: 
YO: 

linear or branched when possible C1-C20/ preferably 
C2 ■ C5 , alkylene ; or 

C5-C7 cycloalkylene optionally substituted; 
or X;^ is selected from the following: 




— (CH2), 



(PAI) 
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wherein n3 is an integer from 0 to 3, n3' is an in- 
teger from 1 to 3; 

(CH2)„r- 

COOH 
(PAII) 

wherein n3 and n3 ' have the above mentioned meaning ; 




o 



nf 

NO, 



'2 



- -(CH2- CHj- CHj- 0)^p- 
ONO2 

wherein nf ' is an integer from 1 to 6 , preferably 
from 1 to 4; 



- -((jJH-CHj-O^fT- 



- -(CH2-CH-0)t,fT- 



Mf 



wherein R^f - H, CH3 and nf is as above defined; 
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said compounds of formula (I) being completely or partially 
amorphous . 

2. Compounds according to claim 1 amorphous for at least 5%^ 
preferably 10%, more preferably for at least 80%, 
amorphization being measured by DSC. 

3. Compounds according to claims 1 and 2, wherein in the for- 
mula (I) R = (la). 

4. Compounds according to claim 3, wherein in formula (I) R 
= (la), X = O and is the aromatic radical of formula 
(PAX) wherein n3' = 1 and n3 = 0; said preferred compounds 
having the following general formula (lAl): 



wherein R^ and R2 are as above defined. 

5. Compounds according to claims 1-4 obtainable by formulating 
nitroderivatives with one or more excipients, capable to 
amorphize nitroderivatives. 

6. Compounds according to claim 5, wherein the excipients 
belong to one or more classes mentioned hereinafter: C^-C^ 
polyalcohols , mono- and disaccharides and their deri- 
vatives, oligosaccharides containing from 3 to 10 sac- 
charide units and their derivatives , polysaccharides, their 



O 




(lAl) 



28 



wo 01/00563 PCT/EPOO/05723 

derivatives including salts, cyclodextrins and their 
derivatives, non cyclic cyclodextrin analogues, for exeimple 
non cyclic derivatives of jS- cyclodextrin, polymers and 
copolymers of vinyl -based monomeric units, and/or 
containing a carboxylic function, or (meth) acrylic 
monomers . 

7. Compounds according to claims 5-6, wherein the ratio 
between the amount by weight of nitroderivatives of formula 
(I) and that of the excipients is in the range 1 : 20 and 
1 : 0.5, preferably 1 : 0.7 and 1 : 10. 

8. A process for preparing the compounds of claims 1-7, whe- 
rein amorphization is obtained by using co-grinding, knea- 
ding , spray - drying , lyophilization . 

9 . A process according to claim 8 , wherein the method used for 
amorphization is co-grinding. 

10. Pharmaceutical compositions comprising the compotinds of 
claims 1-7. 

11. Pharmaceutical compositions according to claim 10 for oral 
use. 

12. Compounds according to claims 1-7 for use as a medicsmient. 

13. Use of the compounds according to claim 12 as antiin- 
flammatory drugs. 
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